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Throughout the western United States, large l ivestock operators, 
l ivestock associations, county farm advisors, s ta te  s t a t i s t i c a l  report ing 
services and federal land resource managers have expressed the need f o r  
improved techniques f o r  regional monitoring o f  the forage resources asso- 
c iated w i th  rangelands and w i l d l i f e  habi tats.  The new techniques they 
desire should provide more accurate and t imely information regarding the 
d i s t r i bu t i on  and a v a i l a b i l i t y  o f  forage, the heal th o r  condi t ion o f  the 
forage, the duration o f  the green-feed per iod ( the time period the forage 
plants are green), and the amount o f  forage produced. This Information 
i s  essential f o r  determining: (a) the animal carry ing capacity f o r  the 
range; (b) the time when grazing animals can begin grazing and the time 
when they should be removed from the range t o  minimize damage t o  the for-  
age plants; (c) the locat ion and condi t ion o f  a l  ternat i ve  sources of for-  
age once the forage a t  a given range s i t e  has been f u l l y  u t i l i zed ;  and 
(d) the f i r e  hazard created by unuti 1 ized forage once i t  has dr ied and 
become combustible. 
NASA's Earth Resource Technology Sate1 l i t e  (ERTS-1 ) launched July 23, 
1972, o f f e r s  f o r  the f i r s t  time the unique capab i l i t i es  f o r  rugional mon- 
i t o r i n g  o f  forage p lant  conditions. The repe t i t i ve  coverage every 18 
days, the synoptic. view and the real-t ime recovery o f  the imagery for  
inmediate analysis, combine t o  make the ERTS s a t e l l i t e  a valuable tool  
f o r  improving the evaluation o f  our rangeland resources. Studies pres- 
en t l y  underway a t  the Univers i ty  o f  Cal i fornia,  Berkeley (sponsored 
j o i n t  1 y by NASP and the Bureau o f  Land ~anagement) , seek t o  determine if 
imagery obtained from high a1 t i  tude a i  rcraf  t and spacecraft (ERTS) can 
provide: (1) a means f o r  moni to r lng  the growth and development o f  annual 
and perennial range plants i n  Cal i fornla,  and f o r  determining the time 
and the ra te  o f  i n i t i a l  p lant  growth (germination) and terminal p lant  
growth (maturation and senescence; (2) a means f o r  determining o r  pred ic t -  
ing the r e l a t i v e  amount o f  forage that  i s  produce4 and (3) a means f o r  
mapping rangeland areas having d i f f e r e n t  forage produciqg capabi l i t ies .  
Rela t ive ly  cloud f ree  ERTS imagery f o r  much o f  Cal i forn ia  was 
obtained during the f i r s t  s i x  cycles: Ju ly  through October. This imagery 
has provided an excel l en t  opyortuni t y  t o  monitor the changes a1:eociated 
w i t h  the termination o f  the green-feed period i n  the perennial rangelands, 
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and t4e i n i t i a t i o n  o f  t.he green-feed period i n  the annual grassland 
ranges. The perennial rangelands i n  Cal i forn ia  are located p r imar i l y  i n  
the extreme northeastern por t ion o f  the s ta te  and throughout and east o f  
the Sierra Nevada Mountains. Forage plants associated wi th  the perennial 
rangelands general ly comnence growth i n  l a t e  spring or  early sumner and 
mature and dry i n  l a t e  summer or  ear ly autumn. Thus only the l as t  ha l f  
o f  the 1972 growth season o f  perennial forage plants was monitored during 
the period o f  July through October. The annual rangelands i n  Ca l i fo rn ia  
are located p r imar i l y  i n  the f o o t h i l l s  o f  the Coast and Sierra Nevada 
Mountains. Forage plants associated w i th  the annual ranges general ly 
commence growth during the autumn i n  response t o  su f f i c i en t  r a i n f a l l  to  
cause germination sf the seeds. Usually a ha l f - i nch  o f  ra in  i s  required. 
The f i r s t  ra ins o f  the 1972-73 season f e l l  on September 26 and 27 causing 
germinat ion o f  the annuals throughout the rtorthern ha1 f o f  the annual 
grasslacd range. The second rains occurred between October 7 and 14 
causing fur ther  germination t o  the south over approximately h a l f  o f  the 
remaining range where germination had not occurred. F ina l ly ,  during the 
f i r s t  and second weeks o f  November, r a i n f a l l  caused germination o f  the 
remaining a~inual grassland areas. This southern progression o f  germina- 
t i o n  was monitored by the ERTS pass during the f i r s t  week o f  October and 
by the subsequent passes I 8  days l a t e r .  
Analysis o f  range ccndi t ion and change has been performed on diazo- 
chrome composites o f  MSS imagery (bands 4, 5 and 7).  The diazochrome 
composi ies are comprised o f  a yei low transparency o f  band 4, a magenta 
transparency o f  band 5 and a cyan transparency o f  band 7. Each o f  the 
colored transparencies are made by exposing the 9 x 9 inch black-and- 
white pos i t i ve  ERTS transparency on the appropriately colored diazochrome 
f i l m  using u l t r a v i o l e t  l i g h t .  The three colored transparencies are 
registered (sandwiched) t o  make the composite which s imulatcs the color 
rendi t ions o f  co lor  in f rared f i l m .  Diazochrome composites were made f o r  
each o f  the f i r s t  s i x  passes providing a medium on which t o  compare 
changes i n  the vegetation and surface features. 
Change detection was also f a c i l i t a t e d  by employing "posit ive- 
negative" masking techniques. This method o f  detect ing change involves 
superimposing i n  reg is t ra t ion  the negative image from one band on one 
date wi th  the pos i t i ve  image o f  the same band a t  a second date. If the 
two possible composites are made (negative image from the ear ly  date w i t h  
pos i t i ve  image from the l a t e r  date and v ice versa) those features which 
appear l i g h t  o r  white i n  tone on the composite should depict features 
which have changed. Because the negative and pos i t i ve  images can a lso be 
reproduced on diazochrome colored f i l m  transparencies, many comb'inations 
o f  color composites can be created which both show changed features 
whi le enhancing feature c lass i f i ca t ion .  In  any event features which have 
changed during the in ter im between passes o f  the ERTS vehic le can be 
monitored and t he i r  s ignt f icance evaluated i n  r e l a t i on  t o  rangeland 
env i ronmen t s  . 
High a l t i t u d e  a i r c r a f t  data obtained i n  association w i th  ce r ta in  o f  
the ERTS overpasses provide v e r i f i c a t i o n  o f  many o f  the condit ions o f  
features analyzed. In  addit ion, a i r c r a f t  data from previous year5 pro- 
vide a means f o r  comparing condit ions during t h i s  growth cycle wi th  pre- 
vious growth cycles. A network o f  sample s i tes  located throughout Ca l i f -  
orn ia 's  rangelands provide ground t r u t h  data regarding species compos i - 
t ion, growth stage and condition, p lant  height, degree of u t i l i z a t i o n ,  
and forage produced. Observations are made a t  approximately monthly 
in terva ls  t o  document the changing forage condit ions and provide accurate 
ve r i f i ca t i on  o f  the condit ions analyzed on the ERTS imagery f o r  corre- 
sponding areas. Rain fa l l  and temperature data are a lso co l lec ted t o  cor- 
re la te  wi th  plant development and production. 
S ign i f icant  Results 
1. Detai led mapping w i t h i n  rangeland environments i s  not possible 
from ERTS data. Gross begetation types such as forestland, rangeland and 
meadow land can be discriminated, but the r r j o l u t i o n  o f  ERTS imagery does 
not permit detai led mapping needed f o r  evaluating management problems 
o r  making management decisions. This resu l t  should be qua l i f i ed  by 
ind icat ing that  the level  o f  information mapped from ERTS imagery would 
not be useful t o  the local  o- d i s t r i c t  manager o f  rangelands. Further 
qua l i f i ca t i on  should emphasize that i t  i s  the mapping performed by humans 
which i s  not su f f i c i en t l y  detai led to  be useful. Automatic c lass i f i ca -  
t i o n  using the magnetic tape data o f  ERTS w i l l  be tested t o  determine if 
ref ined mapping from ERTS data can be performed. 
Vegetation-soil maps derived from high a l t i t u d e  a i r c r a f t  data 
general ly are detai led ennugh t o  be useful t o  local  o r  d i s t r i c t  range 
managers. The comparison o f  the supporting high a l t i t u d e  a i r c r a f t  data 
w i t h  ERTS imagery of the same area demonstrates the l l m i t i n g  reso lu t ion 
o f  ERTS data for deta i led vegetation-soil  mapping. 
2. Most ephemeral lakes w i th in  the perennial rangeland can be 
detected and mapped. Their presence and/or s i  ze on a given date provide 
clues t o  the c l  imatic var iables that  d i r e c t l y  a f f ec t  forage production 
and condttion. The ephemeral lakes are best observed on bands 6 and 7. 
3. The most important use o f  the ERTS imagery f o r  evaluating range- 
lands i s  f o r  monitoring changes i n  forage p lant  condi t ion and develop- 
ment. Annual rangeland containing recent ly germinated forage species 
could be d i f fe ren t ia ted  from rangeland where germination had not occurred. 
Thus the approximate time o f  germination and the extent o f  the range 
where germinatton has occurred can be determined from analysis o f  ERTS 
data. It fol lows from these observations tha t  the cessation o f  p lant  
growth I n  response t o  i nsu f f i c i en t  r a i n f a l l  and s o i l  mofsture depletion 
can also be monitored by ERTS data. A comparison o f  ERTS images obtained 
on October 5 and 6, w t th  images obtainad 18 days l a t e r  conflnns the 
southward spread o f  germination i n  the annual grassland o f  Cal i forn ia  
resu l t ing from the rains during the in ter im period. From the information 
obtained through analysis o f  ERTS data i t  i s  possible: t o  predict  when 
grazing coiild commence and when i t  should be terminated a t  the end o f  the 
growth season due to  a reduction i n  n u t r i t i v e  value associated wi th  the 
dMng o f  range forage species, or  to  the absence o f  su f f i c i en t  forage t o  
maintain the grazing animals; and to  determine the length o f  the green- 
feed pericd which i s  correlated wi th  the amount o f  forage produced. 
When the growth season i s  short forage production w i l l  be below normal 
and the animals w i l l  leave the range much e a r l i e r  and l i gh te r  than normal 
(more supplemental feed o r  a1 ternat ive sources o f  feed w i  1 1  be required). 
When the growth season i s  long, forage production w i i l  be above normal 
and the animals w i l l  leave the range a t  a l a t e r  date and be corcsiderably 
heavier than normal. They w i l l  require less feed supplements. 
4. Analysis o f  the ERTS imagery should reveal the locat ion and size 
o f  ranges af fected by favorable o r  unfavorable c l ima t i c  variables that  
cause above- o r  below-normal (respectively) forage condi t ion and pro- 
duction. 
5 .  ERTS imagery can provlde the bases f o r  determining the locat ion 
and extent o f  rangelands where potent ia i  f i r e  hazard ex is ts  e i the r  by 
v i r t u e  o f  ear ly  drying or  by v i r t u e  o f  the presence o f  abundanr forage 
which when dry creates the f lash  fue l  f o r  spreading f i r e  t o  more valuable 
vegetation types. 
6 .  ERTS data does not provide su f f i c i en t  resolut ion t o  determine 
the cover or  condi t ion o f  forage plants i n  most perennial range p lant  
comnunities. A noteworthy exception i s  that  o f  meadow s i tes  which have a 
dense cover o f  vegetation i n  c.ontrast t o  the general l y  sparse cover o f  
plants i n  other perennial p lant  camnuni t ies. noreover, the drying trend 
of the meadow vegetation could be monitorad from one pass t o  the next i n  
the perennial rangeland between August and October. Thus meadows and 
ephemeral lakes can be monitored using ERTS data, and provide indicators 
t o  the c l  imatic variables governlng forage production and condi t ion 
throughout the perennial rangelands. It i s  envisaged that ERTS data w i l l  
a lso prove valuable f o r  determining condit ions ear ly  i n  the growth 
season which lnd icate  when grazing can comnence without doing damage t o  
the perennial forage plants. 
7. ERTS data provide a permanent record o f  range condit ions a t  a 
given date and f o r  a given year. A comparison o f  ERTS images wl t h  al r- 
c r a f t  data obtalned on previous years reveal the r e l a t i v e  di f ference I n  
range condi t ion between years. ERTS data acquired on a year-to-year basis 
can provide the f t r s t  and most e f f ec t i ve  means f o r  comparing changes I n  
range cond 1 t ton f rm year-to-year f o r  large rangeland areas. 
Spectffc users who stand t o  benef i t  ftom the information obtained 
through analysis o f  ERTS data include: (a) the Bureau o f  Land Managemec*. 
and the U.S. Forest Service -- both agencies are required t o  regulate t - 
time and duration o f  grazing on lands that they administer; (b) the 
Cal i forn ia  Crop and Livestock Reporting Service - -  an example o f  a s ta te  
agency that can use ERTS derived information to  account f o r  animal move- 
ments, the need f o r  feed supplements, and the determination o f  range 
conditions; (c) the Cal i fo rn ia  Div is ion o f  Forestry and other f i r e  con- 
t r o l  agencies (BLM and uSFS) -- these are v i t a l l y  concerned wi th  acquir- 
ing information which permits more accurate and t imely a l loca t ion  o f  man- 
power and equipment t o  prevent potent ia l  w i l d  f i r es ;  and (d) ranchers, 
feedlot operators, and others involved i n  using or supplying feed sup- 
plements -- they need t imely information regarding a v a i l a b i l i t y  o f  green 
forage, the time o f  animal movements t o  and from rangelands, and the 
a v a i l a b i l i t y  and demand f o r  a l te rna t i ve  sources o f  feed supplements. 
In sumnary, the data provided by ERTS and high a l t i t u d e  a i r c r a f t  
enables range managers t o  monitor the development o f  range lands through- 
out Cal i f o rn ia .  By providing t imely and accurate data regarding the 
a v a i l a b i l i t y ,  d i s t r i bu t i on  and condi t ion o f  forage, the ERTS s a t e l l i t e  
can contr ibute great ly  t o  more e f f ec t i ve  u t i l i z a t i o n  and management o f  
Ca l i fo rn ia ' s  rangelands, To the extent that  predict ions o f  forage pro- 
duction can be made from ERTS data ( i n  conjunction w i th  ground and c l  i- 
matic data), range managers, feedlot  operators and suppliers o f  feed 
supplements can more e f f i c i e n t l y  pred ic t  the time, d i rec t ion  and numbers 
o f  animals moving t o  and from rangelands, and determine the need f o r  feed 
supplements which w i l l  sustain the animals u n t i l  they are converted t o  
consumable meat products. 
